Abstract
INTRODUCTION
Coal is an important source of energy and plays a special role in the economic development of a country. Exploitation of coal results in large amounts of tailings being stored in the waste heap. These consist of mixtures of different geological materials, such as heterogeneous age and heterogeneous physical and chemical properties, which fall within the class of anthropogenic protosols. These materials are characterized by high stone content, lack of moisture, poor soil structure, high bulk density, low pH, low nutrient availability, low structural stability and low fertility Babeanu, 2003; Susinski et al., 2010) . The physical, chemical and biological properties of waste heaps limit plant growth and make it difficult to re-establish ecosystems The surfaces affected by lignite in Romania occupies up to 22,400 ha, on the first place being Gorj District, with 15,610 ha, followed by Hunedoara, Caras-Severin and Valcea districts (Dodocioiu et al., 2011; . For the restoration of these drastically disturbed lands and the restoration of soil fertility, it is necessary to choose remediation techniques appropriate to the existing agrochemical and biochemical properties and proper post-reclamation management. The waste heap will undergo complex and long-term biological processes, transformation, accumulation of an organic material, occurrence of the activity of microorganisms similar to soil pedogenesis. Recent research has shown that in the processes of evolution of waste material from the heap to agricultural soil a key role is played by enzymatic activity in the soil (Naprasnikova, 2008) . Soil enzymes may derive from microbial and plant sources as intracellular enzymes, extracellular soluble enzymes and enzymes complexed with clays and organic matter (Popa A et al, 2005) . Enzymes in the soil are involved in catalysing important decomposition and humus synthesis reactions, stabilizing soil structure and nutrient cycles. Numerous researchers have reported the use of enzymatic activity in the soil as a measure of any natural or anthropogenic disruption and the evolution of an ecosystem (Caldwell, 2005; Stroo and Jencks, 1982; Kujur and Patel, 2012) . The purpose of this paper is to determine the soil enzymatic activities (catalase, urease, invertase and phosphatase) and the main agrochemical properties in the heap materials in order to assess their fertility and to establish possible re-cultivation technologies.
MATERIALS AND METHODS
The research was carried out on the waste heap located in Pesteana North. In order to know the chemical properties of waste heaps in the Pesteana quarry, a number of 4 samples on 2 and 3 depths (0-20 cm, 20-40 cm, 40-60 cm) were taken from this heap, analysing the main indicators quality: soil reaction, by pH; humus content; total nitrogen content; the content of mobile phosphorus; the assimilable potassium content. Soil samples were analysed and interpreted according with the methodology ICPA, 1987 . pH values were determined by potentiometric method using a Sentron 501 pHtester electrode in aqueous suspension soil/water-1/2.5. Total nitrogen was routinely assayed by digestion with H 2 SO 4 at 350°C, using potassium sulphate and copper sulphate as catalyst followed by Kjeldhal titration. Humus content was estimated using titration method of Walkley and Black. Assimilable phosphorus and potassium were determined after Egner-Riehm-Domingo extraction at pH=3.7. The phosphorous content was estimated spectrophotometric using chlorostannous reduced molybdophosphoric blue colour method and accessible potassium using flame photometry method (Dodocioiu and Dobre, 2015) . Enzymatic activities were determined for a depth of 0-20 cm. The studied enzymatic activities were determined at natural pH of soil with the following methods: Phosphatase activity was determined using pnitrophenyl phosphate as an orthophosphate monoester substrate. The mixture consisting of 5 g of soil, 1 mL of buffered (pH=6.5) p-nitrophenyl phosphate and 0.25 mL of toluene is incubated at 37 °C for 24 h. The reaction is thermally stopped and the resulting p-nitrophenol is determined colorimetric at 420nm (Ciobanu et al, 2017) . Phosphatase activity was expressed as μg p-nitrophenol/g/h. Urease activity was determined by the method described by Fresquez et al., 1985 with some modifications (Fresquez et al., 1985) . The reaction mixtures consisted of 5 g soil , 10 mL 10% urea solution in citrate buffer (pH=6.7) and 0.25 mL toluene is incubated at 37˚C for 24 h. After the incubation the mixture were immediately filtered. The concentration of resulted ammonium from urea hydrolysis was determined colorimetric with Nessler reagent at 460 nm and calculated with the calibration curve using NH 4 NO 3 as standard. Urease activity was expressed as mg NH + 4 /g/24 h. Catalase activity was assayed using the KMnO4 titration method described by Samuel with some modifications (Samuel et al., 2008) . The mixture consisting of 5 g of soil, 10 mL phosphate buffer and 5 mL 0.3% H 2 O 2 is incubated at 37˚C for 1 h. The reaction is stopped with 10 mL of 1M/L H 2 SO 4 and the excess of H 2 O 2 is titrated with 0.02 M KMnO 4 . Catalase activity was expressed as mg of H 2 O 2 decomposed /g / h. Invertase activity was assay colorimetric after incubation of the samples (5g) at 37˚C for 24 h, with 10 mL of 10% sucrose solution used as the substrate, 5 mL of phosphate buffer solution (pH=5.5) and 0.1 mL toluene. The resultant glucose was determined colorimetric at 540 nm with 3.5 dinitro salicylic acid reagent (Soare et al., 2016) . All the spectrophotometric measurements were carried out with a Thermo Scientific Evolution 600 UV-Vis spectrophotometer with VISION PRO software. All determinations were performed in triplicate, and all results were calculated as mean.
RESULTS AND DISCUSSIONS
Exploiting lignite in quarries or on the surface produces the most aggressive form of soil degradation. There is a reversal and mixing of soil geological layers, migration of nutrients, and degradation of the land. Waste heaps are formed as a result of uneven deposition of tailings in the cover of the deposit, with physical and chemical attributes unfavourable to the growth and development of plants. Analysing the soil's reaction results that it was between 6.87 ± 0.18 and 7.76 ± 0.01; the waste heaps have a neutral and slightly alkaline reaction, predominantly being the weak alkaline reaction. This reaction occurs due to the fact that the soil layers in the waste heaps are removed from depths of over 5 m where the basic cationic levigates are present; the degree of saturation with bases (Vah) being > 75% .
The humus content of this waste heap (0-20 cm) varies from 0.94 ± 0.08 % to 1.39 ± 0.09% indicating a low and very low nitrogen supply. As can be seen from the data in Table 1 , the humus content varies according to the composition of the deposited geological layer and depth, as is the case with normal soils (as is the case for sample 1). Organic matter is considered to be the most reliable indicator for monitoring land degradation because it promotes soil aggregate formation, soil structural stability and nutrient retention capacity (Garcia et al., 1996) . The total nitrogen content better expresses the degree of soil insurance. It has values between 0.071±0.003 and 0.123±0.010, also indicating a low level of nitrogen supply ( (Stan et al., 2009; . Starting with the idea that the giving results of chemical study of the soil are not sufficient to determine the fertility , also the enzyme potential of the waste heaps materials was determined. The assessment of soil enzyme activity is of particular importance because it shows the soil's potential to maintain a microbial activity essential to fertility and soil health. Determination of enzymatic activities provides, within a short time, suggestive data about intracellular and extracellular processes occurring in the soil. Since previous studies have shown that enzymatic activity in materials in waste heaps is detectable only at a depth of 0-20 cm, the results of determinations carried out on samples taken from this depth are presented. Samples of local soil were used as control. The enzymatic activities in the local soil are the following: catalase activity: 264.107 mg H 2 O 2 /g/h;
invertase activity: 20.5 mg glucose/g/24h; urease activity: 0.9 mg NH 4 /g/24h and phosphatase activity: 1.57 mg pNP/g/h. All the enzymatic activities studied vary with the investigated lots reflecting the great structural unevenness of the waste heap material (Figure 1 ). Catalase (EC 1.11.1.6) catalyses the dismutation of hydrogen peroxide into water and oxygen. The results of catalase activity are presented in Figure 1 . (Catinas et al., 2011) . The results obtained are in agreement with data reported in previous research for other waste heaps (Babeanu et al., 2001; Babeanu and Marinescu, 2005) . Urease (EC 3.5.1.5) is an enzyme that participates in the nitrogen cycle and catalyses the decomposition of urea to ammonium and carbon dioxide. It is abundant in soil and is secreted by root exudates and a variety of urolytic microorganisms (bacteria, fungi and actinomycete). The results obtained for urease activity are presented in Figure 1 . The obtained values vary between 0.25 mg NH 4 /g/24 h (lot 4) and 0.55 mg NH 4 /g/24 h (lot 3). For all the studied lots, the values obtained are lower than those obtained at the zonal soil: 0.9 mg NH 4 /g/24 h. The results obtained for enzymatic activity of urease are similar to other data from scientific literature. In a paper that studies comparatively the enzymatic activity of soils in coal mines, stockpiled soil and an adjacent undisturbed soil, was determined a urease activity of 205 μg/g/day, 563 μg/g/day and 834 μg/g/day respectively (Fresquez et al., 1985) . Naprasnikova in a paper presenting biological properties of soil forming on coalmine spoils of different ages in the area of Kansk-Achinsk coal basin reports for urease values of 2 mg NH 3 /10 g soil (1-3 years), 0.5-2.6 mg NH 3 /10 g soil (3-5 years) and 2.6-7.6 mg NH 3 /10 g soil (5-10 years) (Naprasnikova, 2008) . Phosphatase (EC 3.1.3.2) is an enzyme that plays a key role in the hydrolysis of organic phosphorus compounds in the soil resulting in inorganic phosphate in accessible forms that support plant growth and development. It is secreted by plant roots and microorganisms and accumulates in adsorbed soil and is immobilized by different organic and mineral particles. This enzyme has two active forms: acid and alkaline phosphatases which differ in their substrate specificity and their pH optimum. The ratio of alkaline to acid phosphatase is usually recognized as an indicator of susceptibility to soil pH (Dick et al., 2000) . The results obtained for enzymatic activity of phosphatase vary between 0.127 mg pNP/g/h (lot 2) and 0.39 mg pNP/g/h (lot 1) (Figure 1 ), values that are lower than those determined at the zonal soil (1.57 mg pNP/g/h). The results obtained are greater than those determined by Fresquez et al., 1985 , which reports the enzymatic activity of phosphatase being of 140 μg pNP/g/d on coalmine spoils materials; 304 μg pNP/g/d on stockpiled topsoil and 368 μg pNP/g/d on undisturbed soil (Fresquez et al., 1985) . Invertase (EC 3.2.1.26) catalyses hydrolysis of sucrose at simple sugars: glucose and fructose which are the main energy sources of soil microorganisms. The obtained results for enzymatic activity of invertase vary between 3.89 mg glucose/g/24 h (lot 4) and 6.67 mg glucose/g/24 h (lot 3) (Figure 1 ). The highest enzymatic activity of invertase corresponds to the highest content in humus and total nitrogen. For local soil the enzymatic activity of invertase is 20.5 mg glucose /g/24 h. Our results are higher than those reported by Fresquez et al., 1985 which determines for invertase activity values between 274 μg glucose/g/d on coalmine spoils materials and 1225 μg glucose/g/d on undisturbed soil (Fresquez et al., 1985) . Kujur and Patel, 2012 determinated invertase activity 2.261±0.077 mg sucrose/g/h on coal mine overburden spoils in India (Kujur and Patel, 2012) . The results obtained are similar to those reported by Naprasnikova which determine the enzyme activity of the invertase between 0.6 mg glucose/g for a 1 year waste heap and 10.1 mg glucose/g for a 10 year waste heap (Naprasnikova, 2008) . The increase in enzyme activity with the age of heaps was also reported in other studies Baldrian, 2008) . There is a very significant positive correlation between the humus content and the enzymatic activity of the catalase (r=0.973) and invertase (r=0.883) as can be seen in the Figure 2 and Figure 3 .
All enzyme activities determined in waste heaps have lower values than those determined in the zonal soil, this being explained by the fact that the physical and chemical properties are not favorable for the installation of microbial populations. A low accumulation of organic matter in waste heaps is the main factor that disrupts biological processes and influences enzymatic activity. The reduction of soil enzymes activities in the spoil material, when compared to the undisturbed reference soil, is in general agreement with the results of other researchers (Stroo and Jencks, 1982; Fresquez et al., 1985) .
CONCLUSIONS
Low content of humus and plant nutrients as low level of enzymatic activities in the waste heaps materials indicate a low fertility. The studied enzymatic activities vary with the investigated lots reflecting the great structural unevenness of the waste heap material. A significant positive correlation between the humus content and the enzymatic activity of the catalase and invertase was observed. The processes of syntheses and accumulation of the humic substances in the waste heaps materials can be evaluated through the enzymatic analyses.
Variation of enzymatic activity in soil can be provided information on response to changes nutrient resources and microbial activity.
